VENTRICULAR FUSION, summation or combination beats occur when two separate pacemakers compete for control of the ventricles. The usual pair of pacemakers are the sinoatrial node and an ectopic ventricular focus; but any pair of pacemakers, whose impulses invade the ventricular myocardium more or less simultaneously but at different points, can produce fusion beats. An ectopic atrial focus or the atrioventricular node, for example, may discharge an impulse that fuses with an ectopic ventricular one. Again, two ectopic ventricular foci can compete for control of the ventricles and produce fusion beats; this is often seen in complete atrioventricular block when more than one idioventricular center is active. Theoretically the same sinus impulse may divide above the ventricles and then reunite within them to produce a fusion beat; indeed, this is precisely the mechanism of the Wolff-Parkinson-White syndrome according to the popular bundle-of-Kent theory. Malinow and Langendorfl have compiled an exhaustive list of the possible pacemaker combinations that niay produce fusion beats.
We shall confine our attention to the common form of ventricular fusion resulting from the summation of sinoatrial and ectopic ventricular impulses. Criteria for the recognition of such fusion beats, so far as we are aware, have not been precisely formulated.
We have attempted to fill this gap and in the process have again been impressed with the shortcomings of the conventional bar-andladder diagram for depicting arrhythmias. excited by each of the two pacemakers depends upon the relative time of excitation from the two foci. Thus, if the ventricular focus discharges when excitation of the ventricles through the normal pathways is nearly completed (B in fig. 1 ), the ventricular complex associated with this slightly premature beat will differ only slightly from normal complex (1 in fig. 2 ). If the ventricular focus discharges progressively earlier in diastole (C and D, in fig. 1 ), more and more of the ventricular muscle will be excited from this center, and the resulting ventricular complexes will be progressively more abnormal (3, 4, and 5 in fig. 2 ).
No matter where the ectopic focus is situated, its impulse should spread to the upper septum and block impulses coming downward through the special conducting pathways before activating the entire ventricular myocardium ( fig. 3 ). The time required in the human heart for an impulse from a peripherally situated ectopic focus to reach the bifureation of the bundle (and so block deseending impulses) is important in the formulation of criteria for the diagnosis of fusion beats; but unfortunately this time is not precisely known. Direct measurements in the dog2 indicate that it requires up to 0.03 second for an ectopic impulse to reach the ipsilateral bundle branch; and indirect calculation from artificially produced fusion beats in dogs3 indicated that the time required to reach the bifurcation was 0.035 second. Somewhat longer intervals would presumably be anticipated for the human heart.
Indirect calculations from human electro-cardiograms4 indicate that it requires approximately 0.04 second for an ectopic impulse to penetrate the septum and reach the contra- No doubt thie timrie varies slightly in different hiearts; but for our purpose, anld until direct measurements are a-vailable, it seemiYs reasonal)le to assumiie that in the niormial heart a mIiilinumn of 0.04 second arid a maximtumni of (.(0)6 se(colld are l)robably requi:red. If we assuine a imaximum of 0.06 seconid then it is clear that fiusion cani occur onlly if the sinlus impulse arrives iin tlle ventricles during thlie first 0.0(3 second of ectopie -ventricular activaltionl.
Criteria for Diagnosis of Ventricular Fusion Beats l the coutrse of onr studies inclaiy-criteria havt+Te ellmerel. For the sake of claritv we h.ave state(l thlein (logmaatically al-d postpoitedl disecussion of exceptions. The) mna lbe grouped -ilder the following leadilnlgs L. Contour aindlduation of thie fuisionl cornlplex miust be intermedialte betweein those of 1ihe coompeting paeemalkers (see exception be-
Sic'emamtic p fTI)sentation of a normal sinoatrial beeat ( th); iree styges or degrees of ventricular fusion (B, C, I))a and on ectopic ventricular beat uwfi/h retrograde conduction to the atria (E). low ). AlMoreovoer, the widtlh of the e omplex is lnot cmere thanm 0.06 second wider tlian the sitius QRS coniplex. For, if Nvc assumiie first that it requires ito mtiore tha,:ni 0.06 second for ain ectopie impulse to reaclh the bifurcationl, anid, second. th-at the duration of the sinoatrial QRS is a measure of the timne required for an iu-l)ulse arriving at the bifnre-ation to acti-vate tlhe ventricles, then the mi-aximal duration of a fusion beat miiust be the sum of thlese twvo illterta-Ils, i.e., 0.06 + sinioatrial QRS in-terval.
2. -Timx of appea-rance. The fusion beat mnust oeentir' at a miiomenet wheni, fromi the Figure 2 Selcetcd striPs fromm a 30-second tracinig of lead 11 shooing miany degrees of fusion between time sbin)oatrial imipulse and an extrasystolic ventricular imj)pl,se. The nuombereel eomnplexes (1) (2) (3) (4) (5) s/itoc a pr,ogres-sitvely grente'-c ontribuion front the cc top)ic mmu1pulse, which is represented in putre form by the fourth complex in the bottom strip (7) . Ii beat 1 the onlyj discernible deforniitq of the QRS complex is a loss of the dimniutire S wvave (inltdicatinig that the term)ilnal vectoi is altered) wcith aniz associeated slight lowerinilg of the T wave. Ea-ch successively numbered becat shomes progressively1 more deformity of the Q9S-T 1complex, as the pattern gradually approaches that of the pure ectopic beat. Note that the inlitial veetor is uzaltered in beat 1 compared with the sinoalrial beat., whereas it is allered in aill the other fusion. beats (2-5); on the other haend time teriiiinal tctar is olt/e)red ini all the (!n,sion be(its.
Circulatzon, Votumnc XX VI, 15ovoeber 1962 I I Figure 3 Schematic representationt of timne relationships following discharge of a peripherally situated ectopic ventricular focus.
known rhythmicity of the two centers, inpulses froin both might reasonably be expected. 3. P-S time. The P-S (or P-J) time of the fusion beat cannot be shorter than the P-R of the sinoatrial beat. This is evident beeause, for fusion to occur, the sinoatrial impulse must have had time at least to reach the ventricles (P-R interval) before they were fully activated by the ectopic center. Indeed, as stated above, the sinoatrial impulse must arrive in the veintrieles considerably before they have been completely activated (see under 4, below) ; in fact, the P-S time of a fusion beat is therefore always definitely longer than the sinoatrial P-R.
4. The P-R time. The fusion beat may either be equal to or shorter than the P-R interval of the sinoatrial beat. When the P-R is shorter, the amount of shortening may not exceed 0.06 second. This figure again assumes that conduction from any ectopic ventricular site to the bifurcation of the bundle requires no more than 0.06 second. If this is so, it is impiossible for any descending supraven-tricular impulse to enter the ventricular myocardium later than 0.06 second after the beginning of an ectopic beat; anid therefore the opportunity for fusion can only develop within the first 0.06 second of an ectopic complex.
5. Initial vector. When the P-R time of the fusion beat is shorter than that of the sinoatrial beats (evidence that ventricular activation was initiated by the ectopic impulse), the initial vector of the fusion complex must differ from that of the sinoatrial beat. On the other hand, if the P-R of the fusion beat is the same as that of the sinoatrial beat, the initial vector may or may not differ-depending upon whether the sinoatrial impulse alone or the two impulses simultaneously initiate ventricular activation.
6. Terminal vector. In all fusion beats the terminal vector differs from that of the sinoatrial beats because it is impossible for the sinoatrial impulse alone to write the last portion of the ventricular complex; it must be written either by the ectopic impulse alone or by the two impulses simultaiieously. Subtle changes in the terminal vector may not be apparent in a single scalar lead; it may therefore be important to obtain specimens of the suspected fusion beats in several leads.
Exceptions to Criteria 1. In the presence of bundle-branch block, the contour and duration of the fusion beat need not be internmediate bietween those of the competing pacemakers. For example, in left bundle-branch bloek, if an ectopic impulse arises in the left ventricle at the same moment that the descending sinoatrial impulse enters the right ventriele, the resulting fusion complex may be of normal duration and relatively normal contour ( fig. 4 ) in contrast to the bizarre and widened complex of either impulse individually. 2. In the presence of varying P-R intervals, as during Wenekebach periods, the criteria outlined under 3, 4, and 5 cannot be rigidly applied, since they depend for their validity upon the assumption of unvarying atrioventricular conduction. 3. In the presen-ce of parietal1 intraven'tricular cond-uction delay the "0.06 rules" are presuimably invalidated; for ini such cirdumstan-ces it is theoretical-ly possible for an ectopic impulse to require mnore than 0.06 seconid to rea-ch the bifurcation of the bundle. The P-R interval could therefore be shortcuied by more than 0.06 second and th-e QRS in-terval of the fusion beat couLldI exceedI thusinioatriial QRS by miore t-han 0.06 second.
Inadequacy of Conventional Diagrams
A-n inconsistency prevails in conivenitional diugyrains. It has be-en rustuoniary to dliaogram cardiac evenits with sloping bars (representing passagre of tiime) onily in thie atrio-ventricular sectioni o-f the diagyram, whiile vertical bars (ignroring pas-sage o-f tin-ie) rep)r-esent atrial and ventricular acti-vationi. It is mi-ore realistic to use slopingp lines to represenit timne oeeupiiid ini traversing both atr-ial anid yentricular myocardiumi. With auterograde eon-Circulation, Volumc 'LXVI, November 1962 dluction. ihe angle of slope iri. th,e, venitricular segm-ent of the, diag-ra,m is (loteruliined by the widIth of the QRS eonll)lex. It is no-t accurate, however, to adljust the slope o-f atrial depolariza-tion to na-tch the width of the P wa-ve; long(-befor-e atrial activat-ion is complete, the imipulse hias, reachbed anid pmeiietrated the atrioventricular node. Sincee thec s-inoatrial impulse has been calculated to require about 0.04 second to reach the atriovenitricular node, the,/ slopingr bar of atr-ia.l depolarization should represeni onily 0.04 se-conid. The balance of atrial dep)olarization is indicated by the l)roken linie in A of figrure 1. Similarly, the full width of retrogyradely coniducted ec.topie, venitriculiar heats cannot lie satisfiactorily por-trayed by a slopingr line repr)tesentingy theo full widthi of the QIRS co-inplex, sinc.(e it requires no m--ore than 0.06 secondI for the, imipulse to r-eachi the bifurcationi. The slope. o-f suchi beats should therefore represent 0.06 seeoil(I orless. The balance of ventricular activation is indicated by the broken line in E of figure 1. Despite its manifest imperfections, the sloping-line diagram for the portrayal of some arrhythmias is superior to the verticalbar diagram in common use. In attempts to illustrate the finer points of fnsion beats, this refinement is essential.7
Overemphasis of Fusion Beats in Parasystole
Fusion beats, though often emphasized as an important criterion for the diagnosis of parasystole, are not essenitial for diagnosis and should be viewed in proper perspective. They add nothing to the evidence for independent rhythmieity and protection, which are the hallmarks of parasystolic rhythm. They are merely visible expressions of the predictable fact that, at given rates of the two independent pacemakers, certain diseharges of the ectopie pacemaker will overlap and fuse with the QRS complexes of sinoatrial origin. Their presenee is undeniablv helpful in drawing attention to the possibility of parasystole because they indicate an ectopic ventrieular discharge that is niot coupled to the preceding beat.
Summary
Relatively precise criteria are proposed for the recognition of ventricular fusion beats. Apart from the obvious and widely accepted criteria involving contour, duration, and time of appearance, other less obvious characteristics have been adduced: (1) the P-S time of the fusion beat must always be considerablv loiiger than the P-R. inter-val of the component sinoatrial beat: (2) the P-R interval of the fusion beat is generallv not more than 0.06 second shorter than the sinoatrial P-R; (3) the terminal vector of the fusion beat is always different from that of the sinoatrial beat, while the initial vector may or may not differ. Exceptions to these criteria are seen in the presence of bundle-branch block, during periods of inconstant atrioveutricular conduction times, and presumably in the presence of diffuse intraventricular conduction delays.
The shortcomings of conventional diagrams for depicting the mechanisms of arrhythmias are noted, and a plea is miiade for the use of more acurate symibols in their construction.
Fusion beats are not an indispensable eriterion for the dia.gnosis of ventricular parasystole.
